The enzyme 32-AMP nucleotdase was purified 2,500-to 5,000-fold from extracts of an acetone powder of wheat (Tritiewn aestiw Embryonic axes of wheat exposed to water undergo a lag period of minimal growth, followed by a period of more rapid growth that lasts for at least 24 h (3). Electrophoretic gel patterns of proteins synthesized during this period indicate that there are only a limited number of changes (10). Inasmuch as a specific enzyme activity, 3'-nucleotidase, increases substantially during early germination of wheat embryos (8), we wished to determine if this increase is due to a protein that is newly synthesized by germinating embryos or whether it represents activation of a preexistent protein. This report presents several lines of evidence indicating that formation of 3'-nucleotidase during germination is indeed due to de novo synthesis of the enzyme. 3 To whom reprint requests should be sent. minated in 9-cm Petri dishes in batches of 1 g/dish with 10 ml of H20 containing 10 Ag/ml of chloramphenicol on three layers of filter paper. At 24 h, 2 ml of sterile 1% sucrose were added to each dish. After 40 h, embryos were collected on a Buchner funnel, rinsed with 300 to 500 ml of cold H20, and homogenized in a Waring Blendor with 500 ml of acetone that had been precooled to -20°C. The mixture was filtered under vacuum, rinsed with cold acetone, and the powder was air-dried overnight on filter paper at room temperature. The powder (9 g) was extracted by grinding gently for 10 min in 80 ml of ice-cold 10 mm Tris-HCl (pH 8.0), 0.1 mm Zn acetate. An additional 160 ml of buffer was added, and the mixture was ground again for 5 min. The extract was centrifuged at 14,000g for 10 min, and the pellet was discarded. The remainder of the procedure was carried out at 4°C. To the supernatant (220 ml), (NH4)2SO4 was added to 50%o saturation (65.6 g) over a period of 30 min, while mixing slowly. The mixture was stirred for an additional 30 min and centrifuged at 23,000g for 10 min. The supernatant was brought to 90%o saturation by addition of 75.6 g of ammonium sulfate, added as before. The pellet was dissolved in 10 ml of 10 mm Tris.HCI (pH 7.6), 0.1 mm Zn acetate, and dialyzed overnight against 1 L of 10 mM Na acetate (pH 6.0), 0.1 mm Zn acetate, Insoluble material was removed by centrifugation, and the supernatant was stored at -200C.
MATERIALS AND METHODS
Purification of the Enzyme. Twelve g of embryonic axes prepared from whole seeds of wheat (Triticum aestivum) were ger-'Supported by grant PCM81-04538 from the National Science Foundation; by grants GM-15122, CA-06927, and RR-05539 from the National Institutes of Health; and by an appropriation from the Commonwealth of Pennsylvania. 2Permanent address: Shanghai Institute ofPlant Physiology, Academica Sinica, 300 Fonglin Road, Shanghai, China 200032.
3 To whom reprint requests should be sent. minated in 9-cm Petri dishes in batches of 1 g/dish with 10 ml of H20 containing 10 Ag/ml of chloramphenicol on three layers of filter paper. At 24 h, 2 ml of sterile 1% sucrose were added to each dish. After 40 h, embryos were collected on a Buchner funnel, rinsed with 300 to 500 ml of cold H20, and homogenized in a Waring Blendor with 500 ml of acetone that had been precooled to -20°C. The mixture was filtered under vacuum, rinsed with cold acetone, and the powder was air-dried overnight on filter paper at room temperature. The powder (9 g ) was extracted by grinding gently for 10 min in 80 ml of ice-cold 10 mm Tris-HCl (pH 8.0), 0.1 mm Zn acetate. An additional 160 ml of buffer was added, and the mixture was ground again for 5 min. The extract was centrifuged at 14,000g for 10 min, and the pellet was discarded. The remainder of the procedure was carried out at 4°C. To the supernatant (220 ml), (NH4)2SO4 was added to 50%o saturation (65.6 g) over a period of 30 min, while mixing slowly. The mixture was stirred for an additional 30 min and centrifuged at 23,000g for 10 min. The supernatant was brought to 90%o saturation by addition of 75.6 g of ammonium sulfate, added as before. The pellet was dissolved in 10 ml of 10 mm Tris.HCI (pH 7.6), 0.1 mm Zn acetate, and dialyzed overnight against 1 L of 10 mM Na acetate (pH 6.0), 0.1 mm Zn acetate, Insoluble material was removed by centrifugation, and the supernatant was stored at -200C.
A 20-ml column of Affigel Blue (100-200 mesh, Bio-Rad) was prewashed with 100 ml of water and equilibrated with 40 ml of 10 mM Na acetate (pH 6.0), 0.1 mm Zn acetate. The pH 6 supernatant was added to the column at a flow rate of25 ml/h, and the column was washed with the same buffer containing 50 mm NaCl until the A2,, of the effluent was less than 0.1. The enzyme was eluted by a 120-ml linear gradient of NaCl from 50 mm to 1.0 M, in the same buffer. Fractions of 3 ml were collected, and 2-pl aliquots were assayed for 3'-nucleotidase activity. Tubes containing high levels of enzyme activity were pooled, dialyzed against H20 for 1 h, then overnight against 1 L of 10 mm Na acetate (pH 6.0), 0.1 mM Zn acetate. The enzyme solution was then concentrated in vacuo to about 1 ml.
A 27-ml column of Biogel P-100, prewashed with H20, was equilibrated with 50 mm NaCL 10 mm Na acetate (pH 6.0), 0.1 mm Zn acetate, at a flow rate of 4 ml/h. The sample was loaded on the column and eluted with the same solution. Fractions of 0.8 ml were collected, 2-,l aliquots assayed for enzyme activity, and the peak tubes were pooled and dialyzed overnight against 1 L of 10 mm Tris-HCl (pH 7.3), 0.1 mM Zn acetate. A 4-ml column of DEAE-cellulose (DE-23) was equilibrated with 10 mm Tris-HCl (pH 7.3), 0.1 mm Zn acetate at a flow rate of 25 ml/h. The sample was loaded on the column, and the column was washed with 10 ml of the same solution. The enzyme was then eluted with 80 ml of a linear gradient of NaCl between 10 and 160 mm. Fractions of 2 ml were collected, 2-l1 aliquots were assayed for enzyme activity, and the active fractions were pooled. After overnight dialysis against 1 L of 10 mm Tris-HCI 295 discarded as a void volume, and the flow was stopped for 15 mi to allow maximal elution. Two 0.8-ml fractions were then collected. The bulk of the enzyme activity was present in the first fraction.
3'-Nucleotidase activity was determined according to Shuster and Gifford (8) . An assay mixture containing 2 mis 3'-AMP, 0.1 M Tris-HCl (pH 7.6), and enzyme in a volume of 1.0 ml was incubated at 37°C for 15 min; 0.5 ml of 15% TCA was added, and a 0.5-ml aliquot was assayed for Pi by adding 0.5 ml of a color reagent (1 vol of 6 N H2SO4, 1 vol of 25% ammonium molybdate, 1 vol of 10%o ascorbic acid, and 2 vol of H20), incubating at 37°C for 1.5 h, and determining theA at 820 nm (1) . One unit of enzyme is that amount of enzyme catalyzing release of 1 ,umol of Pi/min under the standard assay conditions. Specific activity is expressed as units/mg protein with the protein concentration determined from the A at 260 and 280 nm (2).
3S-Labeled enzyme was prepared by incubating 1 g of 40-h embryos for 6 h in 4 ml of a solution containing 2.5 mCi of H2'SO4 (New England Nuclear) and 10 jig/ml chloramphenicol.
The embryos were rinsed and an acetone powder was prepared. Purification of the enzyme followed the standard procedure with the exception that a 6-ml Affigel Blue column was used with a 60-ml linear gradient. Other variations are described in the text. ,g of purified enzyme. The rabbit was bled from the ear at different times to collect the antisera.
Antisera collected after 5 weeks were pooled, and the antibody was purified by ammonium sulfate precipitation and passage through a column containing both DEAE-cellulose and CM-cellulose (5) . The procedure was as follows. Solid (NH4)2SO4 was added to 40%1 saturation, and the precipitate was dissolved in 10 mm sodium phosphate buffer (pH 7.2), 15 mm NaCl. The precipitation was repeated, and the pellet was again dissolved in the phosphate NaCl buffer and dialyzed against the same buffer. The antibody solution was then added to a column containing 5 ml of CM-23 layered over 5 ml of DE-23, and the nonadsorbed protein was collected and precipitated by adding (NH4)2SO4 to 40%o (4) were done in 1.1% agarose gels (pH 8.4). After diffusion for several days, the gels were washed with 0.85% physiological saline and stained with Coomassie blue. The microdiffusion test was done according to Raunio et al. (7) . SDS-polyacrylamide electrophoresis was done on slab gels with the separating gel containing 12.5% acrylamide, 0. were boiled for 3 min and loaded on the gel. The electrode buffer was 0.192 M glycine, 25 mM Tris base, and 0.1% SDS, and electrophoresis was run at 25 mamp at room temperature until the bromophenol blue tracking dye reached the end of the gel. The gel was then stained either with Coomassie blue according to Steck et al. (9) or with Ag by the procedure of Poehling and Neuhoff (6). Low-mol-wt SDS-PAGE standards (Bio-Rad Laboratories) were run at a level of 4 jig of each protein.
RESULTS AND DISCUSSION 3'-Nucleotidase activity is extremely low in extracts of embryos germinated up to 6 h and rises steadily thereafter to a maximum level in embryos germinated for 40 h (Fig. 1) . To determine whether this increase in activity was due to de novo protein synthesis, we purified the enzyme from 40-h embryos, prepared antibody to the purified enzyme, and tested extracts of 1-to 6-h embryos for their ability to cross-react with the antibody. Table I details the purification procedure. A 2,500-fold increase in specific activity was obtained. The key steps in purification are elution of the enzyme from Affigel Blue and chromatography on Biogel-P100. In an initially developed procedure. the Affigel Blue step was carried out in 10 mM Tris-HCl (pH 7.6), and the Biogel-PIOO step was not included. The final specific activity was 70 to 80o of that obtained by the procedure described here, and the SDSacrylamide gel electrophoresis profile differed significantly (Fig.   2, lanes a and b) . Protein obtained from the procedure at pH 7.6 showed two bands of mol wt 27,000 and 39,000 (lane a), whereas that obtained by the current procedure had bands of 35,000 and 39,000 (lane b). An elution profile of the enzymic activity from Biogel-P100 indicated a mol wt of 38,500 for both preparations (Fig. 3) . It seems therefore that the 39,000 mol wt band is the 3'-nucleotidase enzyme. Whether the 27,000 and 35,000 mol wt bands are related proteins is not clear. Finally, by incorporating a second Affigel Blue step (see legend to Fig. 2) , we obtained enzyme showing only the 39,000 mol wt band (Fig. 2, lanes (6) . The enzyme in a and b was prepared by the procedure described in "Materials and Methods" except that the Affigel Blue step used with the enzyme in lane a was done in 10 mm Tris.HCl (pH 7.6) and the Biogel-P100 step was omitted. For the preparation of the enzyme in lanes c and d, a second binding and elution at pH 6 from a 6-ml column of Affigel Blue was interposed before the Biogel P100 step. The final yield of enzyme in this preparation was 72 pg having a specific activity of 11,000 units/mg protein. Lanes e and f contained 16,000 and 8,300 cpm, respectively, of enzyme purified from embryos labeled with 35sO4 between 40 and 46 h. Both enzymes were prepared as described in "Materials and Methods" except that for the enzyme in lane e the Affigel Blue step was done at pH 7.6 and the Biogel-P100 step was omitted. Lanes g and h both contained about 55,000 cpm of enzyme from 46-and 6-h embryos that was purified through the Biogel-P100 step. The radioautographs for lanes e to h were done with Kodak XAR5 film using intensifying screens and an exposure time of 48 h. d). The specific activity of this preparation was twice that of our the antiserum raised against the purifiedd enzyme was first deterstandard enzyme, but the yield was decreased considerably. Determination of the mol wt of 3'-nucleotidase by gel filtration on Biogel-P100. A Biogel-P100 column (27 ml), prewashed with 50 ml of 50 mm NaCl, 10 mM Tris.HCl (pH 7.3), was calibrated for mol wt determination by adding to the column 2 ug of each of the indicated proteins in 0.2 to 0.4 ml ofthe buffer solution. The column was then eluted with the same buffer and fractions of 0.8 ml vol were collected and monitored for A at 280 nm. For determining the mol wt of the enzyme, 230 pg of enzyme eluted from Affigel Blue at pH 7.6 were dialyzed against the Biogel-P100 column buffer, mixed with 3 mg of BSA, and applied to the column. The elution was carried out in the same manner as done for the standards. The absorbance profile shown is that of the BSA in the mixture.
onto a nitrocellulose filter, and the filter was washed with 5% BSA and a saline solution containing the nonionic detergent NP40. The filter was incubated for 90 min with 1 ml of a 1:100 dilution of test antiserum and washed again with 5% BSA and the NP40 solution. It was then incubated with 1 ml of a 5% BSA solution containing [l3ulIprotein A (5 x l0r cpm) and again washed with 5% BSA and the NP40 solution. With both preimmune serum and with antisera taken I week after the initial injection of the rabbit, the filter contained about 2,000 cpm, while with antisera taken after 5 weeks the filter contained 39,000 cpm. The antibody was then purified from combined antisera as described in "Materials and Methods" and tested for its ability to inhibit enzyme activity. In the first set of experiments, the antibody was tested alone. About 10 pug of antibody inhibited 50%o of the enzyme activity (Fig. 4a) . In the second series of experiments, sheep anti-rabbit antibody was added in addition to the rabbit antibody. The data of Figure 4b show that under these conditions inhibition of the enzyme activity was considerably increased (50%o inhibition at 4.5 pug of antibody), presumably due to better precipitation of the antibody complex with the enzyme. In control incubations, IgG prepared from preimmune serum was incubated with the enzyme for 75 min. In (a), 100 p1 of 0.1 M NaCl, 10 mu Tris.HC1 (pH 7.3) were added, while in (b), the same solution was added except that it contained sheep anti-rabbit antibody at 50 times the level ofantibody. The incubation was continued for 40 min and the reaction mixture was centrifuged and aliquots of the supernatant were assayed for enzyme activity. In a similar experiment in which enzyme was incubated with IgG purified from preimmune sera, the enzyme activity was completely recovered (with and without addition of the anti-antibody).
in experiments similar to those of Figure 4 , with no losses of enzyme activity (data not shown).
Analysis of Extracts of 1-Hour Embryos for Ability to CrossReact with the Antibody. Two tests were used to determine whether extracts ofembryos germinated for 1 h contained material that would cross-react with antibody. For both tests, initial embryo extracts were precipitated with (NH4)2SO4 between 50 and 90%o saturation, each precipitate dialyzed overnight at pH 6, and the soluble protein concentrated in vacuo. Figure 5 presents data from Ouchterlony immunodiffusion procedures. In the standard procedure (a), only one band could be seen, and this band was present in both the purified enzyme and the 40 h extract. In the microdiffusion method (b), a second band was detected that precipitated with the antibody. The 1-h extracts clearly did not contain proteins that could form a precipitate with the antibody in either procedure.
In the second test for cross-reactivity, the extract of 1-h embryos was assayed for ability to block inhibition of enzyme activity by antibody. To demonstrate that inactive enzyme could indeed cross-react with antibody and block its inhibition of enzyme activity, we treated extract of 40-h embryos with 0.1 mm EDTA for 4 h to partially inactivate the enzyme. The data of Table II fluorograph of an SDS-gel electrophoretic separation of enzyme prepared by the initial method (Affigel Blue at pH 7.6) and by the subsequently developed procedure as described in "Materials and Methods." The radioactivity profiles in both cases correspond to the stained profile of lanes a and b, indicating that the enzyme has incorporated a substantial level of 35SO4. We then allowed embryos to synthesize 35S-labeled proteins between 0 and 6 h of germination and determined the radioactivity of the proteins obtained after the enzyme purification procedure. When carried through to the DE23 step, no radioactivity was obtained. At the Biogel-P100 step, 3S radioactivity was observed in the proteins. Figure 2 , lanes g and h, compare the profiles at this step for 46-and 6-h embryos. A substantial number of bands are seen in both profiles. However, in the 46-h preparation, a prominent band corresponds to the 39,000 mol wt band of the purified enzyme, whereas in the 6-h preparation there are no bands corresponding to those of the purified enzyme. These data as well as the immunological analyses indicate that there is little synthesis of enzyme protein during the first 6 h of germination and that the 40 h enzyme is quite likely synthesized de novo. It remains to ascertain whether the control of the formation of the enzyme is at the level of the transcription of the mRNA coding for the enzyme or whether a different regulatory process is involved.
